MicroRNAs, a class of small, non-coding RNAs, are now widely known for their importance in many aspects of biology. These small regulatory RNAs have critical functions in diverse biological events, including development and disease. Recent findings show that microRNAs are essential for lifespan determination in the model organisms, Caenorhabditis elegans and Drosophila, suggesting that microRNAs are also involved in the complex process of ageing. Further, short RNA fragments derived from longer parental RNAs, such as transfer RNA cleavage fragments, have now emerged as a novel class of regulatory RNAs that inhibit translation in response to stress. In addition, the RNA editing pathway is likely to act in the double-stranded RNA-mediated silencing machinery to suppress unfavorable RNA interference activity in the ageing process. These multiple, redundant layers in gene regulatory networks may make it possible to both stably and flexibly regulate genetic pathways in ensuring robustness of developmental and ageing processes.
Introduction
Recent advances in high-throughput technologies, such as a deep-sequencing, have facilitated studies of small, non-coding RNAs, including microRNAs (miRNAs). miRNAs make up a class of short, non-protein-coding RNA species, that negatively regulate expression of target genes at a post-transcriptional level via sequence-specific interactions (reviewed in (Kim et al., 2009; Stefani and Slack, 2008) ). Since the discovery of lin-4 and let-7 miRNAs as regulators of developmental timing in Caenorhabditis elegans (Lee et al., 1993; Pasquinelli et al., 2000; Wightman et al., 1993) , the last decade has seen the exponential growth of knowledge about the functions of miRNAs in broad areas of biological events, ranging from development to human disease, such as cancer, and ageing (Ambros, 2011; Boehm and Slack, 2005; Esquela-Kerscher and Slack, 2006) The first evidence of a role for miRNAs in ageing was reported in a study of a developmental timing miRNA, lin-4, in C. elegans (Boehm and Slack, 2005) . It now seems clear that additional miRNAs contribute to the normal lifespan by modulating the processes of DNA damage response, protein homeostasis and mitochondrial metabolism (Antebi, 2007; Boehm and Slack, 2005; de Lencastre et al., 2010; Ibanez-Ventoso et al., 2006; Kato et al., 2011; Kenyon, 2010) . Furthermore, other types of small, non-coding RNA are also likely to function in stress response and ageing (Kato et al., 2011; Thompson and Parker, 2009; Tuck and Tollervey, 2011) . In addition, the RNA editing machinery that modifies adenosine to inosine conversion in double-stranded RNA (dsRNA) transcripts seems to act with the dsRNA-mediated gene silencing pathway in lifespan determination (Sebastiani et al., 2009; Wu et al., 2011) . These multiple layers in gene regulatory mechanisms may stabilize genetic networks in ageing. In this review we focus on recent studies of RNA-mediated regulatory roles in ageing in a model organism, C. elegans, and discuss their potential in ensuring robustness of genetic pathways against ageing and environmental perturbations.
The importance of miRNAs in lifespan determination
A developmental timing miRNA, C. elegans lin-4, was shown to be essential for normal lifespan (Boehm and Slack, 2005) ; animals carrying a deletion mutation of the lin-4 miRNA displayed a shorter lifespan, while its over-expression caused a longer lifespan, showing that the lin-4 miRNA promotes longevity and is required to prevent premature death in C. elegans. A temporal up-regulation of the lin-4 miRNA in an early stage of development suppresses expression of its target gene, lin-14, to initiate the developmental stage transition (Lee et al., 1993; Wightman et al., 1993) . Similarly, lin-4 contributes to lifespan regulation through lin-14 (Boehm and Slack, 2005) . Specifically, both lin-4 deletion mutants and gain-offunction mutants of lin-14 (due to loss of a lin-4 binding site in its 3 untranslated region), show the short-lived phenotype, while animals with over-expression of the lin-4 miRNA or loss-of-function mutants of lin-14 have extended lifespans.
